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Abstract (Basic) : EP 608572 A 

The lithographic optical reduction system includes a negative power 
lens group, a beam splitter, a concave mirror and a positive power lens 
group, from the long to the short conjugate ends. The object end lens 
group has sufficient negative power to only image an entrance pupil at 
infinity to an aperture stop at or near the mirror. The reduced image 
end lens group provides most of the reduction system power and images 
the exit pupil to infinity. The mirror is almost or nearly concentric 
and operates near unit magnification. 

The negative power lens group may include two sub-groups, having a 
zero power shell (12), a spaced doublet (14,16) and a positive lens 
(18) for aberration correction in the object end sub-group. The 
positive power lens group (LG3) has two lenses (40,42) to provide high 
numerical aperture at the image and exit pupils and infinity. 

USE/ADVANTAGE - Step and repeat exposure, 0 . 7 NA for 0.35 micron 
patterning over 26 x 5 mm field. Reduced high order aberrations; wider 
spectral bandwidth at higher numerical aperture. 

Dwg.1/5 

Abstract (Equivalent) : US 5537260 A 

Catadioptric optical reduction system having an object space 
numerical aperture, from the long conjugate end to the short conjugate 
end, comprising: 

first lens means for providing a negative power having an emerging 
numerical aperture, the emerging numerical aperture being larger than 
the object space numerical aperture; 

a beamsplitter; 

a concave mirror; and 

second lens means for providing a positive power, wherein the 
negative power of said first lens means provides only enough power to 
image an entrance pupil of the system at infinity to an aperture stop 
at or near said mirror, and the positive power of said second lens 
means provides substantially all of the power of the system and images 



the exit pupil of the system to infinity. 
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R 


= -5. 


9 6 R 0 5 


X 




F 


= 4. 


8 5 17 9 


X 


1 0" 1 ' 


£1 




XML 


2 4 8. 4-*-/;*- 



[0 0 2 8] *DJK^X^hJUA>H«li, ^tton 



+ (D)7 10 + (E)Y 12 + (F) K 14 

mW*>Vm)\>m\ 0, 1/>XBLG4. flfittl 2 
30 2. U>X*LG5, 3 8ft*f*tf-AX^U 

3 2, «lQ4^1Sfifil 3 4. Pil 
3 6, aS2 0)4#CDl?&&JSl 4 0, 1^>X8L 

-5. U->X#LG4te, &<0U>Xl 12fc*tfIEOU 
>Xl 1 4££ttSBt^U?h£, ^>TFCDU>Xl 
1 fit, iE^P>Xl I 8 tJ/zM 2 Ot^^tr. U 
>X#LG 5KL 1E(DU>X1 2 4, &0>l'>Xl 2 
6, W.OU>Xl 2 8. *3<£tf£<Z)^>Xl 30£^ 
fc. U>X»l-G6li. 2O0IECDU>Xl 4 2 TE 

4? oi/>Xi 4 4*<tr;^(oi/>'Xi 4 6£#tr rjg^s 
o^<krjE^u>xi 5 2^^tr r»^$n^j 

[0 0 2 9] ZV%2<D%im\*> U>XPLC4C7)iB 
*<D)£<OU>X<D lO, U>XULG 5<D&<DU>X. 
$5<Z:ltU>XWLG 6(0 2 OCOTF.tf) U>XlC7 y4ktj)V 

[0 0 3 0] ^(D^(Dl22(^$n^m2(O^B6CT<D 

o7? [0 0 3 1 ] 
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(8) #0fPF6-3 0 0 9 7 3 



**** 


OWi (mm) 




MOCK (am) 




ft 


(ft 


(mm) 


n 






to 




60.4852 








112 


•205.5158 


539.1791 


15.2156 


124.U926 


137.3346 










8.2054 






• 


1U 


2080.7700 


-210.6539 


32.4984 


142.6149 


J5I.787J 










1.2676 








116 


310.4463 


700.3748 


40.7304 


162.4908 


165.2126 


CiFl 






0.5000 










634.1820 


-798.8523 


27.5892 


165.4595 


166.4747 










0.5000 






120 


1480.0597 


1312.1247 


25.4322 


168.7316 


164.7651 




ar« 






136.2343 








122 


mm 


-74.CG00 


161.9590 


EM 


124 


-761.5176 


1088.9351 


-19.2150 


160.3165 


159.2384 










-19.9465 










IS] 






(am) 


J** 






m 




(mm) 








648.8361 


-202.3872 


-12.0000 


155.1711 


L53.D635 


CmF] 








-7.6304 










-400.4276 


45S.5GG0 


•25.8769 


153.0635 


153.8055 










-2.0000 








130 


-818.0972 


-168.5034 


-27.5927 


152.6663 


147.5200 


CiPl 


| £0 






•215014 








132 


MRS 


feRS 


-91.7553 


148.6158 


252.7349 




J38 






252/ 


P349 


art 


132 






91.7553 


252.7349 


252.7349 


•>»J72 


SRil 






2.0000 








134 




mm | 


6.0000 


185.8070 


1*7.0026 










IS.1636 
















168.5681 




'36 




s 


•18.1636 


183.5681 


Kit 


134 






-6.0000 


184.2566 


181.1084 


i"J* j 








•2.0000 








132 






-S 1.7553 


179.3838 


151.7747 


5/»J* 



[0 0 3 3] K-6] 
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(9) #M¥6- 3 0 0 9 7 3 



-r — t-. 






BflClsLfg (mm) 


| • 






(am) 




! & 




132 






■70.0000 


151.7747 


133.3985 


Sj 1| >ff 

•S J JJ 








•2.0000 








140 






-4.3000 


132.5690 


131.3876 




i $rai 






-0.5000 








1 142 


IU.0665 


597.6BQ5 


-2 J. 4866 


123.4895 


119.2442 






i , 




4.5000 








1 144 


-116.3137 


282J140 


•24.0940 


107.8451 


101.2412 


CxFl 


[ 146 


21X3140 


-66.5293 


.117306 


101.2412 


72.6862 




£151 






-2.6346 








14* 


-77.2627 


-374.4800 


-17.9594 


72.0749 


62.7659 


*->«* 1 








-(1.5452 








ISO 


-130.1381 


-57.1295 


-218147 


589696 


37.4889 






-37.1295 


-7303.8777 


-6.1425 


37.4889 


34.3156 


CiFl 








-4.0000 














26.4 


992 





[0 0 3 43 r^"P»3©>*©aTfflV»6na#»Bff« 
[0 0 3 5] CURV=-0. 0 0 2 8 6 7 4 4 



K = 0.000000 

A =-1.92013 X 10" t9 

B =- 3. 5 0 8 4 0 x 1 0-« 4 

C = 2.9 5 9 3 4 X 1 0-'* 

D =- 1.1 04 9 5 X 1 0- J3 

E = 9.0 3439 X 1 0' 2T 

F =- 1.39494 X 1 0 31 30 



C©«S2 0*lfiWtt, »2 0 0t!3^-H^*00. 
3. 3^/^-h;P&^i:-ratf-AlcMLTSa^ 

2 4 8. 4^y^-K;UT*n»f, C(Di:9^2^S 

&T(D&aH;t '>&<i:fc4 0 0k:u>-h;k o. 4 4? 

[0 0 3 63 &&&3 6Qi-; *~h)U£r)h&<ttZ 



U^JHSl 0. 1/>XPLG7, ^2 2 2. U> 
X8LG8, «B2 3 8 Sft5lf-A7^iJ-;m 
-^2 3 2, *U<04*><0 1ftfi«2 3 4, (H)p5f&2 3 
6, 352C04#<7)l&;g£2 4 0. fccfctfl/^XPLG 
9££tr. «fct *B5*fctt2XAjW5 OTttftStl 
*, l/>mG7B, &CDI/>X2 1 2 43«k7jCj£(Ol/ 
>X2 1 4€*tfffi«yyi/y K IEWU>X2 1 6*5 

IEOU>X2 2 Ofefttt. I/>XBLG8I4, J£©U> 
X2 2 4, m^l/>X2 2 6. ZEOU>X2 2 8. 
V&<DU>X2 3 Ofcfttf. 1/>XPLG9H ZE^ 
>X2 4 2. E©I/>X2 4 4isJ:rj£<OU>X2 4 6 
&*tftt^*nfc^Uy k jEWU>X2 4R. &6 

tfi;->x;W2 5 0is^rjjE©i/>X2 5 2£-&fr*£3 

[0 0 3 73 W3IC^Sn*»3 0*ll«0#HSx-^ 

[0 0 3 8] 
»7] 
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(10) #S!¥6-3 0 0 9 7 3 

17 18 





(mm) 




gfiUltg (mm) 


#7* 






■ * 


(mm) 




■ & 


in 

IV 




59.2960 






— — 


212 


-620L7809 


361.8305 


20.2974 


125.9406 


134.7227 


PBM2Y 








2.6174 








2M 


515.7935 


-435.1U15 


39..8B5B 


135.3384 


145.6015 


PBM2Y 








14.7197 








216 


431.31*9 


-239.4002 


36.9329 


155.6269 


157.3014 


BSL7Y 








0.5000 








218 


-259.6013 


685.32*6 


26.3534 


156.9363 


162.2451 


PUM2Y 








1.4303 








220 


361.5709 


-1853.2955 


23.3934 


163.73 16 


163.1801 


BAL15Y 


sn 






131.8538 








232 




-77.8469 


169.9390 


SIT 


224 


-423.2950 


455.4247 


-32.3086 


173.0235 


171. J 102 


PBL6Y 


sn 






-27.6206 








226 


.401.0363 


180. 0031 


-12.0000 


159.3555 


154.7155 


BSL7Y 








-5.6227 








* * li 










HWiftl (mm) 




SBPfiS (mm) 








ft 


(mm) 


nil 




1 221 


-23M722 


1301.3764 


-26.1321 


154.7155 


154.1517 


PBM8Y 








-10000 








230 


-12S2.B931 


-180.2226 


-32.0000 


153.1461 


149.4794 


BSL7Y 








-19.7282 






232 






-91.7349 


150.4383 


252.6772 


i/'J* 


238 






252.6772 




232 






91.7349 


252.6772 


252,6772 


yfl* 


SB) 






2.0000 


i 




234 






6.0000 


185.6435 


186.7758 


i/'J* 








18.2715 








&0 








188.1745 




236 






-18.2715 


188.1745 


Sit 


234 


ma 




•6.0000 


183.6393 


180.1377 




zm 






-2.0000 








232 






-91.7349 


17H.3236 


147.9888 




232 




(IfffbS 


-70.0000 


147.9888 


126.M82 




an 






-2.0000 









[0 04 0] [$9] 
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(11) 
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19 



20 





HUM ' 1 1 1 1 ' 


(nan j 




ffiaffig (mm) 


*7'A 




1st 


(urn) 






240 






•4.5000 


126.0219 


124.6750 


*r J /V 








-0.5000 








ta 


-1 19.8912 


•410.6840 


-18.65 OS 


117.5303 


113.4233 


05M31 Y 


$® 






-0_S0D0 








244 


•114.1327 


384.9135 


-21.1139 


IQ2.fi 172 


96.4137 


BSL7Y 


246 


384.9133 


-70.2077 


13.0576 


96.4137 


71.1691 


PDLlfY 


SIB 






-2,8552 








248 


•85.7*5* 


-400.3240 


-16.9U7 


70.5182 


61.2633 


DSM51Y 


SB 






-0.8180 








250 


-131.5233 


-54.0114 


-19.3810 


37.6234 


37.3909 


BSM51Y 


253 


.54.0114 


-2CJI.IQ57 


-6.3*47 


37.3909 


34.2119 


PBL6Y 








-4.0000 








to 






26.5002 





[0 0 4 1] CCTX3<&T<3itTm>6n5##ffi& 
2 3 4 \ZW?*mmmT<Ot*r)T$>2>. 
[0 0 4 2] CURV = -0. 0 0 2 9 1 6 4 8 



K 
A 
B 

C 

n 

E 

F 



« 0. 
= - 1 . 

= 6. 
= -6. 
= 6. 
= 3. 



0 0 0 0 0 0 



27285 X 1 0- s 
9 2 8 6 5 x lO* 14 
2 18 13 X 1 0-'* 
8 0 9 7 5 X 1 0" 25 
0 4 2 3 3 X 1 0* 2 ' 
6 4 4 7 9 X 1 0- Si 
C<D»30)*lfiWtt, 3 6 5. 5:>V*-h;W7)i£fi£ 
tp'btLT. 8*y>-MU<&X^MUA*>F&T» 

^7XH 7*»J*A*B, 08R 8 7 6- 3 5 1 9, 
-a.-^-v-fH (New Jersey) . VTtf^Tfj (Sooe 
rville) . tt^rt—lffV^y? (Branchburg T 
ownship ) , 3D>t7n-H (Columbia Road ) 50 
KSMrfa^A^a— #W>'3> (O'Hara Corporati 
on) o-«WICAWttJS:»7^*^nytftv^tBSti 

(0 0 4 3] H4B, CW«W©«/h3tt»*W*4 0fE 
*We*-r. 0. 6 3©BCI»£*fU 



2 4 8. 4*y*- WI/(7)ifc&£*,L>tLT, 3 0 0 tf 
3*- HI* #£b<f*l 0 0153*- HI,©*** h 

MM* 6. »**MP*l^*;U«4 l 0, *&\<»V>X 
»LGK <B(R]ft4 2 0. 8S20)U>X#LG2. 
A7yU7^^a-^4 3 0, *104#<B1*MMK4 

3 2. MM«4 3 4, f&2C04#COl R5£4 3 8, *J 

AB4 5 0?MkVr*. 
[0 0 4 4] £1 OU>X*LG 1 vxJM 1 2 
E0)l/>X4 1 4£«J;tfftCDl'>X4 1 6 £<&tl2 
R^yht jE©W>X4 1 8 tSfttr. !&2cdu 
JO >XPLG2tt* iE<DU>X4 2 2 £tf>l/>X4 2 
4fc«J:tfaE<0t'>X4 2 6««trSK^Uy hfc. It 
ff>l/>X4 28£*£tt. ff3ai/>XftLG3tt. 2 
*D(DiE<DU>X4 4 0fcJ;t/4 4 2 *>iJH4 4 
t, 2OC0iECDU>X4 4 6fc£7J4 4 8£*r£tf, 
HO. Wl lc^3ft*£Jfi«0J:5l;:, ^4(OiR[a)^4 

4&4 l o £ftffi4 5 o £^»lcTOrKtt*0€RrCK 
40 [0 0 4 5] ia4K**n*«4©*is«w«i*x-^ 

tt. &T4>£ 10-314 IC>K<***. 
[0 0 4 6] 
(XI o] 



—581— 



(12) ftM¥6-3 0 0 9 7 3 

21 22 













m 








ft 




410 




63.3853 








1 412 


-I 83.566 i CC 


-215.7867 CX 


17.0000 


122.8436 


130.6579 




Sffl 






46.6205 








414 


-60IJ535 CC 


-230.9702 CX 


21.4839 


149.1476 


153.3303 










68.B075 








".16 


-195.1255 CC 


-345.4510 CX 


15.0000 


161.6789 


170.1025 










3.0000 








418 


435.8058 CX 


-1045.1785 CX 


24,9351 


177.4520 


178.2672 










130.0000 




1 


















* * [£1 1] 




(mm) 


(mm) 






in 




a 




420 






-64.5000 


180. 


3437 




422 


-2:0.7910 CX 


380.1625 CX 


-43.1418 


181.6672 


178.0170 










•15.8065 








424 


300.1724 CC 


-IZJ.4555 CC 


-12.0000 


166.7278 


153.3103 




£181 






-3.8871 








426 


-126.B95I CX 


972.6391 CX 


-41.3263 


I54.RS30 


151.8327 










•1.5000 








428 


-626.4903 CX 


-116.6456 CC 


-12.0000 


147.6711 


136.1163 




£H9 






-31.8384 









[0 04 8] [R12] 



—582— 



(13) WM¥6-3 00973 



23 M 









rapes iasm) 


73* 7 2* 








(mm) 




& 


430 


mm 




-74.0000 


137.2448 


200.1127 






















416 






200.1127 






430 




ansa 


74.0000 


200.1127 


200.1127 


U 'J 77 




m 






2.0000 










432 






6.0000 


148.6188 


149.0707 












14.4632 








ISO 








149.6392 






1J4 




•14.463* 149.6392 








MM 




-6.0000 I44JS63 


141.2737 


is 'J * 




* * [ft 13] 










(nun) 


mam inm) 




* 


« 




& 










-2.0000 








410 






-74.0000 


139.3606 


117.3979 








C'I><3) 










4J0 






-61.0000 


117.3979 


100.5074 










•2.0000 








438 






-4.5000 


99.6617 


98.4157 










-1.2000 








v.0 


-157.3776 CX 


2282.2 ITS CX 


-13.7501 


94.8267 


91,8773 










-1-2000 








442 


•94.0039 CX 


-466.6659 CC 


-13.4850 


82.8663 


78.1418 





[0 0 5 0) [SI 4] 



—583— 



(14) 



#fll¥6-3 00 9 73 



25 



26 



1 




15$ 
(.») 


nanus (flMD) 






ft 


He 










L.2000 








444 


-147.2485 CX 


•77.8924 CC 


-22.2073 


72.7262 


50.6555 




'£M 






-3.2091 








446 


•I59.28BDCX 


-519.4850 CC 


•13.E321 


49.5648 


99.0473 










-0.2000 








448 


-129.3683 CX 


-426.7350 CC 


-6.1500 


37.3816 


32.4880 








-I 0000 








450 


ft 








26.5003 





[0 0 5 1] £3 <D"F<Z>» 1 TfflV* Sn*#J*ffifc4 3 

[0 0 5 2] CURV=-0. 0 0 3 3 2 6 1 4 
K = 0.000000 

A =-4. 3 2 2 6 1 E- 1 0 
B = 3. S 0 2 2 BK-14 
C = 7. 1 3 2 6 4E- 1 9 
D = 2. 7 3 5 8 7 K-2 2 
C(Dm4(Dmmmt. 2 4 8. 4 nm$Wint- 

*m*$«fcl«a«a 04fc^Sn<&*iiW<0 

*JSW©»*BinWi, $a6<D3:3<Z)f|*fl|0>O. 7T 
tt&<0. H 3 f«tWT, 354 (OJGKflttS 0 0 b!3^— 

h;^ tt£L<tti ootrn^— mudx^ Hi^ffl 

**/t>K«lCtjfc*lf*?iI»ftlMI***.-B. Lit* 

< snax+s/vu-w, MMttafc&irjiJt) stiff 

[0 0 5 33 »4(0*JIWOLGl^«t7jLG2<DiElft 

3-D<D*1&mtto&UZ. 3 HCDCfcte, LG1 
t L G 2 &ftlAfc*#Olt»**tiET*-3Tt>ftT*t5 

[0 0 5 4] H5tt. d©»W0[)«^3t**©SB5C!)* 



««ft^-r. fffcixit. consents o. 6ocoian 

a? *ft»U 2 4 8. hJt'&Mt&U 300 

U^*;PHi5 1 0 V BlOU>mGl, <Bf6j&5 2 

o. ^2<di/>xplg2, tr-Axyu^^^o. --r 

5 3 0, *1 04»©ljfefi«5 3 2, IHMI&5 34. 
»2(D4*H>1MMR5 3 8, *itf»3 01/>X8L 

[0 0 5 5] mi <DU>XmLG 1 tt, *xfl>B 1 2 
fc, IE0>)/>X5 1 4*5j;tfft©l/>X5 1 6 **trfi 

a? my^uvbt. jeou>X5 i 8 tsao. m2<ou 

>X»LG2H, aE©|^>X5 2 2 &01/>X5 2 
4^<tt/IEWU>X5 2 6^^£SRgy^P-; St, & 
®\'>XS 2 8 £&£tJ. »3©l/>X»LC3tt, 2 
t?WE<OV>X5 4 0££7J5 4 2 <h> ->iJl/5 4 4 
2-3<DjE<DU>XS 4 6*5<J:I/5 4 8 t&fttJ. 

Hi K*3ns*SMoj;5K. H5ff>aAfts 

[0 0 5 6] (3 5lC^3ft*m5<G*iSW<Oft/&x-* 

[0 0 5 7] 
[?<15] 



—584- 



(15) 



ftW¥6- 3 0 0 9 7 3 



2? 



28 



[0 0 5 8] 



S^*9 


aw 












a 


(mm) 


* 






\ 510 




62.7514 








512 


-136.1154 CC 


-15X5295 CX 


16,8300 


120.7352 


129.4354 










4.5206 








51* 


•270.1396 CC 


•191.8742 CX 


20.534} 


132.9152 


139.0377 










90.8476 








1 516 


-188.9000 CC 


-284.7476 CX 


17.5000 


156.1938 


165.6567 










2.9700 








| 518 


433.8174 CX 


841.5399 CX 


23.S2W 


173,8279 


I74.S334 




I giui 






149.4549 




















1 


* * [£16] 










(mm) 


win as (mm) 




n 




m 


* 


! 520 




-61.0000 


177.2183 




i 521 


•190.3251 CX 


.8413.4836 CC 


•34.4564 


178.5071 


174.2260 


£/lj77 








-31.5487 








. 524 


690.5706 CC 


•146.4997 CC 


-11.8800 


150.4109 


141.8021 










•10.5267 








526 


•265.9886 CX 


1773.5314 CX 


-24.1851 


142.1592 


141.2400 




SB 






•1.5000 








528 


-244.9899 CX 


• 142.8358 CC 


-11.8800 


139.3290 


133.8967 










-21.6411 








530 






.71.2800 


134.3115 


1 89.7826 





[0 0 5 9] 



[SI 7] 



—585— 



(16) ttB8¥6- 3 0 0 9 7 3 

29 30 





dc«m ■■ <Bm) 












(mm) 


* 




















536 


MS 




189.7826 


ex 


530 






71.2800 


189.7826 


! 1E9.7826 










1.9500 






532 






5,9400 


j 142.3429 


WZ6T07 


























143.5034 




534 


wm 


•l 8.5263 


143.J034 




532 




ffilRi& 


.$.9400 


134.2788 


130.9398 










i aery 
-1 .y&X 






1 






* * [* 


1 8] 












M 




(tnst) 






530 






-71.2100 


130.1221 


111.7247 


5/0* 
















530 






-60.4000 


111.7247 


96.1353 










-1.9800 








53ft 






-<.4550 


95.3562 


94.2064 




£ftfj 






-1.1880 








540 


.127.4561 CX 


•139&.S019 CC 


-13.0104 


90.4737 


87.7002 


If A 








-1.1880 










-98.8795 CX 


-424.13C2 CC 


-12.2874 


80.7016 


76.3270 










-1.1180 









[0 0 6 1] «19] 



(17) 



31 



4MHV6-3 0 0 9 7 3 



32 



L 


ffl^g <»») 


(mm) 




/J J «A. 








544 


-132.0104 CX 


.70.9574 CC 


-17.8706. 


71.0789 


53.4306 




sua 






-3.1246 








546 


•123.1071 CX 


•585.4471 CC 


19.9496 


32.6417 


38.2256 










•O.1980 
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